This work combines the Genetic Algorithm (GA) and Constrained Differential Dynamic Programming (CDDP) to solve the optimal pumping schedule and decreasing the environmental impact. The main structure of the hybrid algorithm is GA, in which each chromosome represents a possible network design and pumping wells expansion schedule. The fixed cost of each chromosome is computed easily by the GA. The CDDP then solves the optimal pumping scheme and, finally, evaluates the optimal operating costs associated with each chromosome.
cost, including the fixed cost of system installation and operational costs from the time-varying pumping policy. However, according to the characteristic of the dynamic problem, the number of decision variables and computational time increases as the operational period increases. In this study, the maximum operation period number is just four and the optimal pumping policy does not conform to the requirement for the dynamic problem. In considering the installation cost and operating cost, Hsiao and Chang [2002] integrate Constrained Differential Dynamic Programming (CDDP) and Genetic Algorithm (GA) to optimize total remediation cost. The decision variables involve determining time-varying pumping rates from extraction wells and their locations. Some of the studies discussed that the system may be over designed initially to satisfy the progressively increasing water demand. D.
Voivontas et al. [2003] developed the model that, by minimizing overall water supply costs for a planning period, satisfied water demand. The objective function is minimization of the net present value of total annual cost. However, the models did not consider the constraints of land subsidence and other environmental issues.
However, land subsidence is considered an environmental problem. Severe land subsidence due to consolidation of the aquitard caused by aquifer exploitation has resulted in restrictions on pumping. Water pressure typically decreases as a result of pumping. This reduction in pressure is accompanied by increase in the effective stress in the solid matrix, and compaction of the solid skeleton of the aquifer ensues, causes consolidation.Attempting to meet demand while controlling the land subsidence problem is extremely important. Adrian et al. [1999] , who analyzed long-term land subsidence near Mexico City, applied a one-dimensional model to predict future land subsidence under a range of pumping conditions. Although a number of studies have been reported on management issues limits to drawdown, not much attention to the issues limits to allowable land subsidence. Larson et al.[2001] used integrated numerical ground water and land subsidence models to simulate land subsidence caused by ground water overdraft. The optimization model is formulated to determine maximum ground water withdrawal from nine pumping sub-basins without causing irrecoverable subsidence during the forecast period. Drawdown in the model was not allowed to exceed the difference between the initial head and preconsolidation head.
Water supply, when controlling land subsidence, should be used as a constraint.
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We applied to two-step method to deal with the land subsidence. Firstly, hydraulic head is first obtained by water mass conservation. The latter is used to determine land subsidence which is a surrogate of drawdown.
This study presents a novel management model that combines CDDP and GA to optimize groundwater basin development and management. The groundwater management system can gradually expand, in terms of cost, pumping system capacity.
Groundwater management model formulation
The objective function of the proposed model is to minimize the total cost of the unconfined aquifer management. The model can accommodate gradual expansion of pumping system capacity. Management system costs include both the fixed costs of well installation and operating costs of the time-varying pumping rates. The optimization model while considering both fixed costs and time-varying operating costs is formulated as below:
The objective function: (3) is to satisfy the land subsidence below a limited amount. Eq(4) requires the total pumping volume to fulfill the water demand. Eq (5) is the capacity constraint for each well. The hydraulic head at (t+1) is described as follows
The land subsidence 1 + t s at t+1 refers to deformation process, in fact the deformation of a two-phase medium consisting of a pore fluid and deformation porous media. It requires a simulation solution of water mass balance and equilibrium together with an appropriate constitutive equation. Following Verruijt(1969)and Bear(1985) ,who assumes that soil displacements occur only in vertical direction, a simplified version of the Biot's approach is developed. Under the assumption, the problems of water pressure distribution and solid matrix strain distribution are decoupled. In first step, the solution for pore pressure is obtained, and then a constitutive equation is utilized to calculate strains. Based on the assumption that displacements occur in a vertical direction only and that land subsidence, is simplified after water pressure distribution is solved, is represented the following equation: (7) is changed to Eq (8) . Land subsidence at time step t+1 is described as follows
The Eq (8) is used for predicted subsidence with time. The proposed groundwater management model is defined by Eq. (1) to Eq. (5), and two important issues wait to be settled. First, the whole management problem described by Eq. (1) to (5) is a mixed integer and nonlinear problem. The decision variables include discontinues variables, such as pumping well locations, and continues variables, such as time-varying pumping rates. Because of discrete variable characteristics, using only general gradient-based algorithms, such as nonlinear programming, is unsuitable for this problem. Second, the decision variable for pumping rate varies with time, and the management system is dynamic. Therefore, applying a time-invariant optimal approach on the management system may cause excessive computational requirement and may be inefficient. Base on the discussion, each optimal approach can not solve whole the management problem (defined by Eqs. (1) to (5)) by oneself. Thereby, the solution for the management system is using a combinatorial optimization approach.
This study restructures the management problem, and divides the management problem into two-level formulation, a primary problem and sub-problem.
Primary problem: Therefore, the original problem, defined by Eqs. (1) to (5), is discrete combinatorial, dynamic, nonlinear optimization problem. However, by restructuring the problem (defined by Eqs. (9)-(11) ), the discrete combinatorial property can be identified as a primary problem, and the dynamic, nonlinear optimization problem, which has a combinatorial, dynamic and nonlinear characteristic, is separated in a sub-problem.
The goal of the sub-problem (for each alternative network design) is to minimize the operational costs that are continuous functions of state variables and control variables; operational costs are separable functions for each stage t. Hence, the sub-problem can be solved using CDDP. The advantage of using CDDP is that it avoids curse of dimensionality. This study integrates GA and CDDP to develop the groundwater management model as illustrated in Fig. 1 . The algorithm is a simple GA with CDDP embedded in the present value evaluation of the total cost, and has two key features. First, the discrete nature of searching for GA searches for optimal well-location network alternatives, and determines the optimal system expansion scheduler alternatives. Second, the CDDP algorithm is used to calculate the optimal operating costs for time-varying pumping associated with each network alternative (chromosome).The activity of the time-varying variables is based on each expansion scholar alternative. 
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Numerical results
A groundwater water supply problem, which is a modified version of the example from Hsiao et al. [2002] , is adopted to verify the effectiveness of the methodology. Figure 2 displays the aquifer. The aquifer is assumed to be homogeneous and isotropic. The 3,000×5,000m site was described with 77 finite element nodes, 60 elements, and 35 potential well locations. Constant-head and no-flow boundaries circumvent the flow domain. Initial conditions for the hydraulic head distribution prior to pumping are assumed to be steady state. Table 1 presents aquifer properties and simulation parameters. The initial conditions on the hydraulic head are 0 h =80m, and the distance between aquifer bottom and ground surface is L =100m. In the management model, the planning horizon is divided into 60 stages over fifteen years.
Based on the same amount of fifteen years water-demand schedule, we design three time-increasing curves of water demand including linear curve, concave curve, and convex curve (Basagaoglu and Yazicigil, 1994) . Figure 3 presents these three curves.
This study selected three variables including management model type, water demand The optimal construction policy for case 4 indicates that the network system must install 22 wells initially, and the policy for case 3 indicates that network system must install 8 wells initially, and then expands to 11 wells, and finally to 22 wells. The total amount of wells is the same for cases 3 and 4; however, considering the present value, the fixed cost is high for cases 4. Capacity expansion is cost-effective. However, the risk of environmental impact increases Thus we hypothesize that the amount of the well network for the convex curve at the end of year is more than that for linear curve or concave curve, and that fixed cost for the convex curve is much expensive than that for linear case or concave case. The results of numerical experiments prove these hypotheses (Table   4 ). This study can explain why operational cost for a concave case is more than that for the linear and convex cases. Comparison of the concave curve with the linear curve and convex curve indicates that the concave curve need more water at an early stage than the other two curves, and has relatively fewer requirements at the late stage. Based on economic theory, investing $1 at today typically yields more than investing $1 tomorrow.According to the influence of value theory and network size, the operational cost trend is explained, based on the influence of value theory and network size.
The results show that land subsidence is strongly correlated with demand pattern. Land subsidence at the end for the convex curve is the greatest among the three curves, and that for concave curve is the smallest. When demand pattern slope is sharp long-term environmental impact should be considered. 
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Conclusion
The study explored the problem structure and reformulates the problem as a two-level optimization problem to facilitate application of the GA and CDDP. By the two-level formulation, the discrete nature of the original problem is considered in the main problem and facilitates application of other computationally efficient algorithm for solving the sub-problem, thereby reducing computational burden. Thus, the GA-CDDP algorithm can be applied to groundwater management planning.
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This study proposed an optimization model for groundwater supply system that considers land subsidence. Land subsidence is estimated using a two-step approach, such that water level is solved during the first step, and land subsidence, which a surrogate of drawdown, is calculated in the second stage. A numerical study based on a homogeneous, isotropic unconfined aquifer revealed that gradually installing a well system significantly reduces cost, and this well system can satisfy water demand and avoid environment impact.
Capacity expansion model is cost-effective. However, pumping each well in the capacity expansion model is more serious than and that without expansion capacity.
The findings suggest that the capacity expansion model is more careful about land subsidence than that without expansion capacity. The results also imply that total cost increases and land subsidence persists when water demand increases. Furthermore, the pumping schedule is based on demand patterns. This study also identified the relationship between total cost and environmental impact using different demand patterns. Total cost is least expensive for the convex curve; however, land subsidence is most serious. Total cost is most expansive and land subsidence is minor for the concave curve. In summary, the novel GA-CDDP algorithm considers total cost, including fixed and operational cost, and satisfies the allowable land subsidence in the design process to generate a realistic solution to groundwater supply.
